• The use of intravenous immunoglobulin (IVIG) in hand, food and mouth disease (HFMD) is contentious. We present a meta-analysis in which we found that IVIG improves HFMD, with a high-dose having better prognosis. Thus, high-dose IVIG can be used in severe HMFD, while low-dose IVIG can be used in stable patients. The high-dose group has a better prognosis; however, the advantages and disadvantages should be carefully considered when deciding the doses in the treatment of severe HFMD.
the final analysis. The results of the meta-analysis showed that compared with conventional therapy alone, conventional therapy combined with IVIG had shorter fever clearance time, shorter rash regression time, and shorter clinical cure time. Subgroup analyses showed that the high-dose group (1 g/kg/day) had shorter fever clearance time (p < 0.05), shorter rash regression (p < 0.05), shorter remission time of neurological symptoms (p < 0.05), but longer clinical cure time (p > 0.05). Conclusion: The high-dose group has a better prognosis; however, the advantages and disadvantages should be carefully considered when deciding the doses in the treatment of severe HFMD.
Introduction
Hand, foot and mouth disease (HFMD) is an acute infectious disease caused by infection with serotypes of Enterovirus A, most commonly by enterovirus A71 and coxsackievirus A16. It usually occurs in preschool children, especially those under 3 years of age. It can spread through the digestive tract, respiratory tract, and close contact; the main source of infection is patients and individuals with suppressive infection. The clinical manifestations are a maculopapular or vesicular rash (mainly present in hands, foot, mouth and other parts), and some children may have complication such as respiratory infections and viral myocarditis [1, 2] . The disease progresses rapidly in a small number of patients [3] , with high mortality and disability rates [4] .
Clinical data have shown that intravenous immunoglobulin (IVIG) has a protective or mitigating effect on some viral and bacterial infections [5] [6] [7] [8] [9] , but there is no high-level evidence for its use in severe HFMD.
Nevertheless, the use of IVIG has been adopted and recommended by several national and international guideline committees, including the WHO [10] , and is now part of standard of care for complicated HFMD in several countries and included in national insurance programs. However, the benefits and severe adverse events have not been studied systematically [11] . We included in the 5 metaanalyses literature on the use of IVIG for the treatment of severe HFMD before June 30, 2017, aiming to provide theoretical and decision-making references for clinical treatment. This analysis followed the PRISMA guidelines.
Material and Methods

Search Strategy and Study Selection
Two authors independently searched PubMed-Medline, CNKI (China National Knowledge Infrastructure), The Cochrane Library, Wanfang database, and VIP database (until June 30, 2017) in Chinese and English with different combinations of "Intravenous Immunoglobulin," "IVIG," and "Hand, Foot and Mouth Disease" to identify prospective studies evaluating the effect of different doses of IVIG in children with severe HFMD. Documents were filtered according to the inclusion and exclusion criteria. First, by reading the title and abstract, we excluded duplicate publications and publications that did not meet the standard. Then, by reading the full text and details such as interventions, outcome measures, complete baseline data, we decided which publications would be included. We excluded narrative editorials, letters, reviews, opinion pieces, papers, comments, or any publications lacking primary data.
Specific diagnostic criteria of severe HFMD according to the Guideline for the Diagnosis and Treatment of Hand, Foot and Mouth Disease Guide (2010 edition) [12] and Expert Consensus on Clinical Treatment of Enterovirus 71 (EV71) Infection in Severe Cases (2011 edition) [13] , referred to here as Guide (2010 edition) and Expert Consensus (2011 edition), are as follows (definite when meeting one): (1) Enterovirus (CoxA16, EV71, etc.)-specific nucleic acid detection positive; (2) intestinal virus in the division and identified as CoxA16, EV71 or other enterovirus that can cause HFMD; and (3) acute and convalescent serum CoxA16, EV71 or other intestinal virus-neutralizing antibodies that cause HFMD are more than 4 times higher.
The IVIG group received both conventional treatment and IVIG (IVIG for 2-3 days), while the control group only received conventional treatment. IVIG treatment consisted of a high-dose group (1.0 g/kg/day), a medium-dose group (0.4-0.5 g/kg/day), and a low-dose group (0.2 g/kg/day). According to the Guide (2010 edition) and Expert Consensus (2011 edition), conventional treatment included isolation to avoid cross-infection keeping a balanced diet to maintain nutritional needs, caring for personal hygiene, especially for the skin and mouth, as well as having a good rest, giving some symptomatic treatments according to the state of illness, such as mannitol for dehydration, fever reduction, antiviral treatment, reduction of intracranial pressure, small doses of glucocorticoid, keeping the respiratory tract unobstructed as well as some supportive treatments, such as supplementation with vitamin C.
The inclusion criteria were as follows: (a) research type: randomized controlled trials (RCTs) type; (b) research subjects: children with severe HFMD; (c) research purposes: to evaluate the effect of different doses of IVIG in children with severe HFMD and the intervention arms are as above; and (d) accessible information: extractable basic data and literature information, and clear clinical data.
Exclusion criteria were: (a) non-RCTs; (b) the doses of conventional treatment did not match the inclusion criteria; (c) the grade of HFMD was not clear (our research aimed at severe HFMD); (d) the relevant information could not be extracted or clinical data was not clear; (e) basic data could not be extracted from the literature; and (f) duplicate publication.
Data Extraction
The full text of studies meeting the inclusion criteria was selected and screened to determine whether it was eligible. Extracted data included: (a) basic information: author, publishing time, number of cases, research subjects, age distribution; (b) interventions: drug name, dosage, duration of treatment; and (c) effect indicators: total effective rate, fever reduction time, rash regression time, remission time of neurologic symptoms, clinical cure time (normal body temperature with disappearance of disease symptoms and signs), length of hospital stay, and adverse reaction rate.
Quality Assessment
The quality of the included studies was assessed by two authors using the Cochrane Collaboration tool: (a) adequacy of random distribution method; (b) allocation concealment; (c) blind method; (d) patients and outcomes; (e) data integrity (f) selective outcome reporting; and (g) other potential bias.
Data Analysis
Meta-analysis was performed with the use of RevMan5. heterogeneity between results was calculated with the use of the χ 2 test, then the heterogeneity was quantitatively assessed with the use of the I 2 index, and when the I 2 value was > 50%, it was considered that there was statistical heterogeneity between groups. If there was no statistical heterogeneity, then a fixed-effects model was used for meta-analysis. If there was statistical heterogeneity, then a subgroup analysis was conducted; if there was no statistical heterogeneity in subgroup analysis, a fixed-effects model was used, and if there was still statistical heterogeneity in subgroup analysis, a random-effects model was used or only descriptive analysis was conducted. Effect sizes were expressed as the weighted mean difference and 95% CI. (b) Analysis of pooled effect sizes: z test was used, and p > 0.05 was considered as having no statistical difference, while p < 0.05 was considered as having statistical differences. (c) Sensitivity analysis: the sensitivity analysis was conducted after exclusion of a few articles of poor quality; if the result of meta-analysis was stable, then this metaanalysis was valid. (d) Analysis of publication bias: funnel plots were drawn for the analysis of publication bias.
Results
Results of Searches and Study Selection Process
We identified a total of 420 citations, of which 409 records were included after exclusion of the duplicates. After screening titles and abstracts, 41 articles were included for further evaluation and 368 were excluded due to one or more of the following: study object did not match, intervention did not match, non-RCT studies, clinical data was unclear and efficacy indicators did not match. Finally, 8 studies [14-21] involving 1,450 cases meeting all inclusion criteria for this meta-analysis were included.
Characteristics and Quality Assessment of the Eligible Studies
The 8 included studies were all RCTs and were all performed and reported according to CONSORT guidelines; they were not published in English language journals and were not indexed in PubMed. The characteristics and quality assessment of the included studies are summarized in Table 1 . These studies were published between 2010 and 2015. The mean age of participants ranged from 6 months to 7 years. The duration of the treatment among studies ranged from 2 to 3 days. The sample size of included literature ranged from 68 to 633. There were only 2 articles describing the random distribution method [16, 19] , which was not clarified in the other studies. Allocation concealment and whether the blind method was used was not made clear. 
Meta-Analysis
Total Effective Rate A meta-analysis [22] in the non-PubMed-indexed Chinese language literature on the efficacy of IVIG for the treatment of severe HFMD showed that the IVIG group had a higher total effective rate (p < 0.00001), shorter fever relieving time (p < 0.00001), shorter rash regression time (p = 0.0005), shorter remission time of nervous neurological symptoms (p < 0.00001), shorter mouth ulcer regression time (p = 0.004), and shorter average length of hospital stay (p < 0.00001) than conventional therapy alone.
In the current analysis, there were totally 564 patients in the high-dose group; 4 patients got worse and died (effective rate 99.6%). There were 255 patients in the middle-dose group, and 7 got worse or died (effective rate 97.3%). In the low-dose group, 19 children got worse or died among 508 patients (effective rate 96.3%). There was no significant difference between the high-dose group, middle-dose group, and low-dose group in terms of the total effective rate (p < 0.05).
Fever Clearance Time There were a total of 8 studies involving 1,450 patients referring to fever clearance time [14] [15] [16] [17] [18] [19] [20] [21] . The fixed-effects model was used for the data analysis, which showed that fever clearance time in IVIG groups of different doses was significantly shorter than that in the control group, and the difference was significant (mean difference = -1.71; 95% CI -1.95 to 1.47; p < 0.00001; I 2 = 0%). Subgroup analysis was carried out among groups of different doses of IVIG, which showed that the fever clearance time in the high-dose group was significantly shorter than that in the low-dose group (mean difference = -0.44; 95% CI -0.56 to -0.31; p < 0.00001; I 2 = 38%) (Fig. 1) .
Rash Regression Time There were 5 studies involving 674 patients referring to rash regression time [14, 15, [18] [19] [20] . The random-effects model was used for the data analysis, which showed that the rash regression time in the IVIG group was sig- nificantly shorter than that in the control group, and the difference was significant (mean difference = -0.53; 95% CI -0.96 to -0.1; p < 0.05; I 2 = 84%). The fixed-effects model was used for subgroup analysis; it showed that the rash regression time in the high-dose group was significantly shorter than that in the low-dose group (mean difference = -0.21; 95% CI -0.37 to -0.06; p < 0.05; I 2 = 46%) (Fig. 2) .
Remission Time of Neurological Symptoms
There were 5 studies involving 1,126 patients referring to remission time of neurological symptoms [16, 17, [19] [20] [21] . According to the existing literature [12] , the remission time of neurological symptoms in the IVIG groups was shorter than that in the control group. The randomeffects model was used for subgroup analysis, which showed that the remission time of neurological symptoms in the high-dose group was significantly shorter than that in the low-dose group, and the difference was significant (mean difference = -0.59; 95% CI -1.03 to -0.15; p < 0.05; I 2 = 83%) (Fig. 3) .
Clinical Cure Time There were 5 studies involving 467 patients referring to clinical cure time [14-16, 18, 21] . The fixed-effects model showed that the clinical cure time in the IVIG groups was significantly shorter than that in the control group (mean difference = -1.78; 95% CI -2.15 to -1.42; p < 0.00001; I 2 = 0%). Subgroup analysis was performed among IVIG groups of different doses, and it showed that there was no significant difference between the high-dose group and the low-dose group (mean difference = -0.67; 95% CI -1.44 to 0.10; p = 0.09; I 2 = 94%) (Fig. 4) .
Incidence of Adverse Effects
There was only 1 study referring to adverse effect incidence [19] . According to this study, the incidence of adverse effects in the high-dose group was higher than that in the low-dose group, and the difference was significant.
Sensitivity Analysis
The sensitivity analysis was conducted after the exclusion of a few articles of poor quality; the result was stable, which meant that the stability of this meta-analysis was good. Publication Bias We selected fever clearance time and rash regression time (Fig. 5) as indicators for the analysis of publication bias, and the result showed that there were different degrees of publication bias in both fever clearance time and rash regression time.
Discussion
HFMD is a common acute infectious disease in children caused by Enterovirus A. Numerous studies have shown that IVIG has certain curative or mitigating effects on viral and bacterial infections [5] [6] [7] [8] [9] . The Guide (2010 Edition) [12] and Expert Consensus (2011 Edition) [13] recommend the use of IVIG in severe HFMD, but do not provide explicit descriptions of the dosage and course of the treatment. There is a big controversy over the dosage and course of treatment in the clinical application.
In this study, we focused on the effect of different doses of IVIG on severe HFMD, in order to provide the scientific basis for the rational use of IVIG in the treatment of severe HFMD and provide the basis for the reduction of financial burden to patients.
The results of the meta-analysis show that there are significant differences between IVIG groups and the control group. The IVIG groups had shorter fever clearance time (p < 0.00001), shorter rash regression time (p < 0.05), and shorter clinical cure time (p < 0.00001) compared to the conventional therapy group. Subgroup analysis showed that the high-dose group had shorter fever clearance time (p < 0.00001), shorter rash regression time (p < 0.05), shorter remission time of neurological symptoms (p < 0.05), and longer clinical cure time compared to the low-dose group (p > 0.05). As compared to conventional therapy alone, different doses of IVIG combined with conventional therapy can improve the effect on severe HFMD. In the subgroup analysis, the curative effect in high-dose group (1.0 g/kg/ day) was better.
Conclusions
Treatment regimens should be selected according to the economic conditions and wishes of patients to achieve optimal outcome with ideal curative effect, short course of treatment and low cost as much as possible. High-dose IVIG can be used for severe patients based on good potency ratio and safe treatment result; low-dose IVIG can be used for patients who are stable to reduce costs.
There are several limitations in this study. (1) There were only 8 studies included in the analysis, which may lead to publication bias and thus reduce the validity of the conclusion. (2) In 8 studies included in the study, only 1 study used the random number table method, while other studies did not mention the grouping method, and there was no description of the specific situation of allocation concealment and blinding in all studies; therefore, we may have selection bias, measurement bias, and information bias. More high-quality studies are needed to verify our conclusions. 
Statement of Ethics
All procedures performed in studies involving human participants were in accordance with ethical standards of the institution and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Since this was a meta-analysis study, no formal consent was required.
Disclosure Statement
The authors have no conflicts of interest to disclose.
